The efficiency of 8 seaports in the Kingdom of Morocco region was evaluated. Two associated studies were conducted based on data collected for 4 years (2014)(2015)(2016)(2017), Standard Data Envelopment Analysis (DEA) method was used in the first analysis through CCR and BCC models, and thus a scale of efficiency analysis was used in a second analysis. By using both methods, enhanced insight into the efficiency situation is collected, proving subsequently that a majority of the container ports and terminals in the Kingdom of Morocco are found to be technically inefficient. The research concludes through returns to scale method how port resources should be utilized in the aim to impulse inefficient ports perform better.
Introduction
The maritime transport of goods plays a vital role in the foreign trade of Morocco; it ensures good competitiveness in terms of logistics cost and the processing time of cargoes. Recently, the maritime connectivity of this country has been improved significantly placing the country in the 16th position worldwide. Apart from the different type of exchanges, which is carried out mainly by direct sea freight or by combined transport Ro-Ro, another type was added during the last decade, that is to say the activity of containers transshipment. This activity is concentrated at the Port of Tangier Med which was connected to 163 world ports in 2014. This means assessing capabilities and measuring efficiencies of major ports of the Kingdom of Morocco is a necessary approach in order to Engineering drive inefficient ports perform well. To increase the efficiency and cargo volume traded, the hub-strategy should be implemented by each port i.e. one place can handle all types of container traffic; this will develop the trade capacity of the port [1] . However, production capabilities and the efficiency measurement of seaports have always been a main concern in seaport organization. To overcome this issue, a Data Envelopment Analysis (DEA) was always implemented by seaport researchers in the aim to measure performance of their ports.
Previously, many studies using DEA method were pursued by several researchers to assess the efficiency of their seaports; however, most of these studies evaluated the efficiency of seaports located in the European countries [2] [3] [4] [5], but the number of researchers was declining significantly regarding the African countries. Nevertheless, none of the studies conducted so far have focused on seaports in the Kingdom of Morocco. This paper focuses on this strategic region which is seen by foreigner liners as a gate to the world.
The present research study analyses effective efficiency of selected major ports in the Kingdom of Morocco during 2014-2017 through a Data Envelopment Analysis, in the aim to determine inefficient ports and provide clarification thereof. It also tries to investigate whether length berth is inducing the operational efficiency. The study used input variables based on platform size and berth Length and Equipment, whereas output variables were represented by container traffic and total cargo traffic of the selected major ports. The following section will mainly introduce the port characteristics of assessed ports, and then a literature review on port efficiency will be highlighted. In the third section a research methodology will be explained by exploring the Data Envelopment Analysis (DEA) framework. The empirical results and the analysis will be presented and discussed in the fourth section. The final section summarizes the finding and provides accordingly some recommendations.
Port Characteristics
Over the past decades, seaport industry in the Kingdom of Morocco has witnessed remarkable changes in several perplex forms; that is to say in one hand the increasing demand of containerization, RO-RO, liquid and solid bulk, respectively for inward and outward flows; entailing some seaports terminal to expand their platform, as the capacity was reached respectively for Casablanca and Tangier Port.
In the other hand the Samir refinery, which makes Mohammedia region the center of the Moroccan petroleum industry, had a considerable impact on the activity of its seaport, thus the performance level cannot be measured efficiently, in doing so the Port of Mohammedia is not included in the present analysis.
The selected seaports for our study are considered to be the major ports in Morocco, they have provided facilities for the regional coasters and as time went by, they have developed to be among the maritime transshipments ports for the African maritime routing. For instance the geographic strategic location of Tan- The characteristics of major seaports in Morocco in 2017 presented in Table 1 show that Tangier Med is ranked first in terms of total processing tonnage which is explained obviously by its major activity of transshipment platform hub, then it is followed by Casablanca Port which is considered as the center of the commercial activity of the country, other ports like Jorf Lasfar, Safi, Agadir, Laayoune and Dakhla are listed respectively in the decreasing order. Figure 1 shows the traffic by conditioning mode excluding free trade zone of Tangier MED 1 seaport , as it is indicated the major national seaport traffic consist of solid bulk, followed respectively by liquid bulk, containers and cargo. 
Literature Review
Efficiency is the (often quantifiable) capability to circumvent wasting materials, energy, efforts, money, and time in doing something or in producing a desired result. In a more general sense, it is the ability to do things well, successfully, and without waste.
DEA is one the bold approaches which empirically measure productive efficiency of decision making units (or DMUs), it has been used for both cost data and production. Using the designated variables, such as unit cost and output, DEA software looks for the points with the bottom unit cost for any specified output, linking those points to form the efficiency frontier. Any firm not on the frontier is viewed inefficient.
Recently many studies have been conducted to evaluate performance as well as efficiency of seaport in different region. On one hand, Rajasekar et al. [1] examine the operational efficiency of major ports in India over the period of time 1993 to 2011 through Data Envelopment Analysis (DEA) and they concluded that size does not determine port efficiency. On the other hand, Al-Eraqi et al.
[6] study the efficiency of 22 seaports in the Middle East and East African region, and concluded that small ports are efficient while big ports are inefficient.
A drawback of this technique is that it was identified that very few studies have measured operational efficiency with the combination of input and output oriented DEA models [1] . Furthermore, Berg [7] points out that model specification of this technique and inclusion/exclusion of variables can affect the results.
Another perplex of this technique is that there's no unified selection of variables; every author has its own range of defined set, Coto-Millan et al. [8] , Valentine and Gray [9] , Al-Eraqi [6] and Liu [10] selected traffic tons as output variable. However, for the second output some of them use ship calls (e.g.
Al-Eraqi, Mustaffa, Khade and Barros [6] ), others use container throughputs as an output variable, because the most suitable indicator to evaluate the ports' production is the annual container throughput in TEUs, as the main purpose of any container terminal is to handle as many containers as possible [11] . Like- Finally in the general perspective , no study have been reported using DEA analysis for the major ports of the Kingdom of Morocco, even though it's a primordial approach by which logistics decision makers should opt for it in order to evaluate in the efficient way the measurement of performance of the selected seaport. In this regard the present study will subsequently help the later port authorities to determine the weakness as well as the advantages in both input and output oriented data envelopment model.
Data Envelopment Analysis
Data Envelopment Analysis (DEA) is a "data oriented" method for assessing the performance of a set of peer units called Decision Making Units (DMUs) which convert several inputs into multiple outputs. The definition of a DMU is standard and flexible [18] . model. Basically, they deal with proportional changes of inputs or outputs, In this regard we propose in this paper the output-oriented DEA model to maximize the Engineering output whereas the given current inputs remain the same, the mathematical formulation of the DEA models will be simplified as follows:
1) CCR Model. 
And 2) BCC Model (Banker, Charnes and Cooper [19] ) is defined by adding Equation (3) to expression (2) above.
where k ∅ is the efficiency of k DMU , The above BCC model measures Technical Efficiency as the convexity constraint and ensures that the composite unit is of similar scale size as the unit being measured. The resulting efficiency is always at least equal to the one given by the CCR model, and those DMUs with the lowest input or highest output levels are rated efficient. Unlike the CCR model which is shown in Expression (2), the BCC model shown in Equation (3) allows for variable returns to scale, but both models are based on radial projections to the production frontier. However, many other approaches give freedom to the projection so that the final efficient targets do not conserve the mix of inputs and outputs [20] .
In the circumstance of benchmarking, the efficient DMUs, as defined by DEA, may not necessarily form a "production frontier", but rather lead to a "bestpractice frontier" [21] . DEA is stated as "balanced benchmarking" by Sherman and Zhu [22] . Non-parametric approaches have the benefit of not assuming a specific functional form/shape for the frontier, but they do not supply a common relationship (equation) connecting output and input.
In the present study, MaxDEAPro 6.6 software developed by Cheng Gang and Qian Zhenhuato (2009-2015) was used to assess the selected port, since it has the most extensive range of the up-to-date DEA models. Both input and output oriented models were stimulated seeking to maximize the outputs, minimize the inputs and maximize the efficiency. In general, input oriented model closely focus on operational and managerial issues whereas output oriented model are more oriented towards planning and strategy [14] . Table 2 shows the relative efficiency of seaports using DEA-CCR results and its ranking for selected major ports in Morocco. The obtained results are highlighted based on the efficiency score from 0.00 to 1.00. It means units who obtain a score of precisely 1.00 will be considered as efficient and less than this score will be treated subsequently inefficient.
Results & Discussion
From Table 2 , it is evident that the ports of Tangier Med I and Jorf Lasfar were proved to be efficient ports during the overall studied period 2014-2017, these ports have a stable and efficient performance. However, in a general scale by Casablanca, Safi, and Nador Port. Table 3 of relative efficiency of seaports using DEA-BBC indicates that another port joined the list of efficient ports compared to the previous result of Table 2 period, expect in 2016 where Dakhla Port showed efficient scale. As consequence several measures should be followed by port authorities of these ports in order to become efficient whether by affecting more resources to the business or by reducing it subsequently.
From Tables 4-7 , it is seen that seaports like Nador, Safi, Agadir and Laayoune are in increasing returns to scale during the entire studied period from 2014 to 2017 that implies one percent increase inputs will certainly lead to an increase of output by more than one percent. Whereas Casablanca Port is in decreasing returns to scale so any increases in inputs (both equipment and area) would lead to an increase in output less than one percent. Dakhla Port also showed an increasing returns to scale during three years expect for the period of 2016 where it reflects a constant return to scale meaning that an increase of inputs by a specific amount will lead to an increase of output by the same amount.
In order to explore more deeply the DEA analysis, the below graph ( Figure 2) indicates an example of some resources that need to be utilized efficiently, in other word we conducted an analysis of berth length and find out that Casablanca Port is above the VRS efficiency frontier, which means it is possible to Engineering 
Conclusions and Recommendations
According to the present study, big ports are not necessarily most efficient ones, and size factor is not the only performance indicator. There are too many other factors that should be utilized efficiently in a combined and proper way for better outcomes. Port of Casablanca has one of the highest inputs in terms of berth length, area and equipment, but is the only port which is seen to have a decreased return to scale; therefore, Casablanca Port authorities should think to put in place some extension facilities operated by pioneering port management firms rather than investment in increasing their resources. In fact, the available resources are not utilized efficiently, since the VRS frontier result indicates that Casablanca Port authorities have the possibility to reduce their berth length to between 2000 m and 2500 m. Furthermore, other key success factors should be utilized efficiently, such as handling equipment, workforce performance and import-export formalities processing time. This will allow port authorities to tackle the inefficiency problem from their origin. Although Dakhla Port has the smallest resources in the Kingdom of Morocco, in 2016 it was among the efficient ports next to Tangier Med and Jorf Lasfar. Other ports like Nador, Safi, Agadir and Laayoune only need to increase their inputs in the aim to improve their outputs.
Finally, Tangier and Jorf Lasfar were the only two ports in Morocco reflecting efficient results during 2014-2017, which meant that the port management authorities should keep their bold performance and invest more in the development field. Thus, they could expect and face the future increasing demand. 
